The Analysis of Salen Complexes by Fast Atom Bombardment Mass Spectrometry and Atmospheric Pressure Chemical Ionization Mass Spectrometry  by Huang, S.K et al.
The Analysis of Salen Complexes by Fast
Atom Bombardment Mass Spectrometry
and Atmospheric Pressure Chemical
Ionization Mass Spectrometry
S. K. Huang, M. H. Rood, and S.-H. Zhao
Hoechst Celanese Corporation, Corpus Christi, Texas, USA
Fast atom bombardment (FAB) mass spectrometry provides useful structural information
about salen complexes and salen-based oxo transfer catalysts that are not appreciably soluble
in organic solvents. It was discovered that initial dissolution of these complexes in trifluoro-
acetic acid was crucial for producing good FAB mass spectra. Trifluoroacetic acid helps
dissolve the salen-based catalysts, concentrates the analyte molecules at the matrix surface,
and most importantly, suppresses the reduction process, which is a well-known phenomenon
when protic matrices are used. The best FAB matrices for these catalysts were found to be
thioglycerol and “magic bullet.” However, dechlorination occurred under the acid conditions
for complexes containing iron chloride and manganese chloride. Demetalation also occurred
for nickel-containing oxo transfer salen-based complexes. When the salen-based complexes are
soluble in LC solvents, they can be analyzed easily by atmospheric pressure chemical
ionization (APCI) mass spectrometry without the employment of relatively nonvolatile
matrices. In addition, APCI/MS provides much more sensitive detection for manganese-salen
complexes when compared with FAB results. No dechlorination or demetalation were
observed when a negative ion mode APCI was employed. To our knowledge, this is the first
time that an intact molecule of this type of complex has been observed by mass spectrometry.
(J Am Soc Mass Spectrom 1997, 8, 996–1009) © 1997 American Society for Mass Spectrometry
Asymmetric catalytic epoxidation of unfunction-alized olefins constitutes an extremely appeal-ing strategy for the synthesis of optically active
organic compounds [1]. Most enantioselective catalytic
epoxidations of olefins have been undertaken by either
the chiral porphyrin-based oxo transfer catalysts [2] or
the chiral salen-based oxo transfer catalysts [3]. Salen-
based complexes bear tetravalent and very often stereo-
genic carbon centers in the vicinity of the metal binding
site. As a result, the stereospecificity of the reaction is
increased due to the geometric proximity of the reaction
site to the ligand dissymmetry [4]. The oxo transfer
catalysts employ oxygen atom sources as stoichiometric
oxidants.
Chiral manganese-salen based complexes are used
extensively for the asymmetric epoxidation of unfunc-
tionalized and cis-olefins, but their turnover numbers
are relatively low [5]. A new class of salen-based
ligands, i.e., tetradentate chiral picolinamide-salicyli-
dene ligands and their corresponding manganese com-
plexes as catalysts for epoxidations of olefins, have been
designed and synthesized [6]. These novel catalysts
exhibit higher turnover numbers than other chiral Mn-
salen based catalysts and are more resistant to oxidative
degradation [6].
Many salen-based catalysts are not appreciably sol-
uble in organic solvents at ambient temperature. Nu-
clear magnetic resonance (NMR) analysis of these cat-
alysts is limited not only by solubility considerations,
but by the paramagnetic nature of the metal center.
Other viable analytical techniques that do not require
sample dissolution in organic solvents, such as infrared
(IR) and direct insertion probe mass spectrometry
(DIPMS), produced very little information about the
catalysts [7]. IR absorption of a metal-chloride bond is
very often too weak to provide useful information and
the salen-based complexes often decompose in the ion
source of the mass spectrometer when they are ana-
lyzed by DIPMS.
Since most salen complexes are nonvolatile and
thermally labile, approaches that utilize desorption
mass spectrometry such as fast atom bombardment
(FAB) [8, 9], matrix assisted laser desorption (MALD),
thermospray (TSP), and electrospray ionization (ESI),
are techniques of choice for the analysis of these com-
pounds. Here an approach to produce meaningful FAB
mass spectra of salen complexes that are not apprecia-
bly soluble in organic solvents is reported. This ap-
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proach involves dissolving the salen complexes in tri-
fluoroacetic acid (TFA), followed by a subsequent
addition of two to three drops of thioglycerol or a
mixture of dithioerythritol and dithiothreitol.
Atmospheric pressure chemical ionization (APCI)
mass spectrometry has been proven to be a very sensi-
tive and soft ionization technique in ionizing a wide
variety of compounds [10, 11]. Therefore, it is also tested
for characterizing Mn-picolinamide-salicylidene com-
plexes (a new class of salen-complexes [6] synthesized in
our laboratory) that are relatively soluble in LC solvents.
Experimental
All the salen complexes studied in this paper were
synthesized at the Corpus Christi Technical Center of
the Hoechst Celanese Corporation. Salen-based cata-
lysts are synthesized by reacting the ligands (1) with
metal acetate salts in a stochiometric manner in the
presence of ethanol with or without adding LiCl, de-
pending on the nature of the metal center. For example,
a tetradentate manganese catalyst, such as maganese-
quinolinamide-salicylidene catalyst (2), is synthesized
by reacting its ligand (1) with a mangnese salt and LiCl
in the presence of ethanol [6]:
The synthesis of ligand (1) and other related precur-
sors is described in [6].
The tetradentate manganese catalysts analyzed by
APCI/MS also include the common skeletal structures
(3) and (4) where R5 and R6 are mostly phenyl groups,
but can be also R5 1 R6 5 (CH2)4 or (CH)4. R1–R4 and
R7 are combinations of different blocking groups such
as t-Bu, n-Bu, C(Ph)3, CH(Ph)2, and/or Cl. The ligand
can also both be picolinamide or both be salicylidene.
Trifluoroacetic acid, glycerol, thioglycerol, “magic
bullet” components, triethanolamine, 2-nitrobenzyl al-
cohol (NBA), and 2-nitrophenyloctyl ether (NPOE)
were purchased from Aldrich Chemical Co. (Milwau-
kee, WI). The “magic bullet” matrix was prepared by
dissolving 1:5 (by weight) of dithioerythritol and dithio-
threitol in methanol [12].
The FAB gun and FAB controller were purchased
from ANTEK Inc. (Palo Alto, CA). The FAB energy and
the emission current were set at 8 kV and 150 mA,
respectively, for all FAB experiments. An Extrel ELQ-
400-3 triple quadrupole mass spectrometer (Pittsburgh,
PA) was employed for all FABMS and FABMS/MS
experiments. In the MS/MS experiments, the mass
filters Q1 and Q3 were tuned by using cesium iodide
ions, followed by an MS/MS tuning of collision-in-
duced dissociation of Cs2I
1 at m/z 393 to form Cs1 at
m/z 133. The collision efficiency was optimized for
Cs2I
1 at a collision pressure of 2 3 1025 torr and a
collision energy of 25 eV. Argon was used as the
collision gas. All FAB spectra were acquired in the
positive ion mode the (the authors were not able to
make the negative ion FAB work in our instrument).
A Finnigan SSQ-7000 MS system (Finnigan Corp.,
San Jose, CA) equipped with an atmospheric pressure
chemical ionization (APCI) liquid chromatography/
mass spectrometry (LC/MS) interface was also used for
this study. Parameters in the APCI interface were
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optimized by using the statistical experimental design
[10] and the results were employed in the positive ion
mode. By using statistical experimental design, the
authors were able to optimize the protonated molecular
ions for many compounds with respect to their frag-
mentation and clustering. The most important variables
for maximizing the protonated molecular ions are LC
flow rate, LC mobile phase composition, sheath gas
pressure, capillary temperature, and tube-lens voltage.
Typical operating parameters for the APCI interface
were as follows. LC flow rate: 0.2 mL/min; mobile
phase: 50% MeOH and 50% water containing 0.1%
trifluoroacetic acid. Initially, no acid was added into the
mobile phase to prevent possible demetalation (as was
Figure 1. (a) FAB mass spectrum of Nickel (III)-1,2-biphenyl-19,29-bis(29-pyridinylcarbonylimino)
ethane when the sample was dissolved in ethanol and (b) when an additional two to three drops of
trifluoroacetic acid was added into the solution. The insert in (b) shows the expanded region for the
protonated molecular ion.
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observed in FAB). It was found, however, that the
appearance of mass spectra of catalysts under study
remained unchanged by the addition of acid into the
mobile phase. However, the addition of 0.1% TFA to the
mobile phase was found to increase the detection sen-
sitivity for salen complexes. The nebulizer and auxillary
nebulizer pressure were set at 60 lb/in2. The APCI
vaporizer and capillary temperatures were set at 400°C
and 225°C, respectively. The voltages for the second-
stage heated capillary and tube lens were set at 55 V and
35 V, respectively.
When the LC/MS was operated in the negative ion
mode, the voltages for the second-stage heated capillary
and tube lens were set at 212 V and 258 V, respec-
tively, while other parameters were kept unchanged
from the positive ion mode.
A Waters 600-MS LC system equipped with a Waters
486-MS variable UV wavelength detector was used for
pumping the mobile phase into the mass spectrometer.
For speed of analysis, all APCI mass spectra of tetra-
dentate manganese catalysts were obtained through
flow injections.
Results and Discussion
FAB Ionization/Desorption
Although many factors govern the quality of FAB mass
spectra [8, 9, 13], our experience with a large variety of
compounds suggests the following to be the most
important factors:
1. Dissolution of the sample in an appropriate matrix or
in a single solvent/matrix combination.
2. Concentration of the sample in the matrix. The
concentration of analyte in the matrix should be
small enough to avoid FAB beam-induced decompo-
sition [14].
3. Preferential concentration of the analyte molecules at
the surface. FAB is a surface ionization technique.
Thus, the more hydrophobic the analyte, the more
sensitive the FAB analysis will be. In many cases,
simple dissolution of the analyte in a solvent/matrix
does not produce a good FAB mass spectrum. Very
often, addition of a surfactant [9, 15–17] is required to
help concentrate the analyte molecule at the surface
to promote the FAB ionization.
4. Adjusting the primary beam energy and current [13]
to optimize the FAB yield.
5. Dealing with reactions induced by the FAB beam or
matrix.
Therefore, proper optimization of these factors was key
to obtaining meaningful FAB results for the catalysts
analyzed. Trifluoroacetic acid (TFA) was found to be
the only liquid, out of a dozen solvents and matrices
tested, that dissolved the salen catalysts. Adding TFA to
the sample-matrix solution for FAB has several advan-
tages. It helps dissolve the sample, and helps concen-
trate the analyte molecules near the matrix surface.
Above all, it suppresses reduction processes [8, 9, 14]
that are well known when protic matrices are used. TFA
was shown to suppress the reduction of disulfide bonds
in the FAB spectra of peptides [15].
Figure 1a shows the FAB mass spectrum of nickel
(III) 1,2-biphenyl-19,29-bis(29-pyridinylcarbonylimino)
ethane (MW 5 478), obtained by dissolving the catalyst
in ethanol and glycerol. This is one of the few salen
complexes that are soluble in ethanol. Note that the
most intense signal in Figure 1a is a matrix ion at m/z
275. (The relative intensity for the ion at m/z 275 is
only 15% of G3H
1 at m/z 277 in the FAB of neat
glycerol, and the ion is not present in other matrices (G
denotes the glycerol molecule). The ion at m/z 275
dominates the FAB mass spectra whenever the FAB
yield for the analyte ions is low and glycerol is used as
a matrix, as observed in Figure 1a. The ion at m/z 275
may be attributed to [G3–H2 1 H]
1 due to the presence
of oxidants in glycerol. Salen-based complexes are
strong oxidants.) The relative abundance of ions at m/z
357, 423, and 479 that are characteristic of the catalyst
is very low in Figure 1a. However, the relative intensity
of these ions increased dramatically (by about ten
times) after two to three drops of TFA were added to
the sample solution, as shown in Figure 1b. Unfortu-
nately, glycerol is not a good matrix for most of the
other salen-based catalysts investigated in our labora-
tory. The FAB mass spectra of these catalysts are
normally dominated by glycerol when it is used as the
matrix.
Figure 2a shows a FAB mass spectrum of a salen
complex containing Fe as the metal center (5, MW 5
506), when thioglycerol/TFA was used as the matrix
system. FAB ionization of this and most other salen-
based complexes with Ni, Fe, Cu, and Mn as metal
centers generally yielded very good mass spectra when
TFA/thioglycerol or magic bullet/TFA was used as the
matrix. This could be attributed to the enhanced surface
activity of these analytes in thioglycerol [18] when
compared with glycerol. However, FAB beam-induced
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matrix reactions with the analyte often occurred in
these matrices for salen complexes. For example, cata-
lyst (5) has a molecular mass of 506 Da. An intense
fragment ion at m/z 453 and a cluster ion at m/z 559
were also formed, but is difficult to interpret based on
the structure of (5).
In order to elucidate the structure of the m/z 453
ion, an MS/MS experiment was performed on the ions
at m/z 453, as shown in Figure 2b. A loss of 195 Da
from the parent ion at m/z 453 was observed to form
the fragment ions at m/z 258 and m/z 195. A reason-
able structure for the fragment ion at m/z 195 is
N-benzyl-2-phenylimine and may be formed by a re-
arrangement process from 1,2-bis(phenylimino) ethane
Figure 2. (a) FAB mass spectrum of iron-salen complex (5) when trifluoroacetic acid/thioglycerol
was used as matrix. (b) FAB/MS/MS of the ion at m/z 453 in (a).
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in (5). Fragment ions at m/z 226 can be formed directly
from the parent ion at m/z 453 by breaking one of the
Fe–S bonds. Two other important daughter ions,
though not intense, at m/z 348 and 316 can also be
formed by the loss of 2-phenylimine and 2-(o-thiophe-
nyl)imine, respectively. Combining all this information
together, we reach (6) as the proposed structure for ions
at m/z 453. Scheme 1 summarizes the fragmentation
pathways for the MS/MS of m/z 453 ions.
On the other hand, the MS/MS of the ions at m/z
559 produces a fragment ion at m/z 453 (not shown).
Thus, the formation of ions at m/z 559 can be postu-
lated to result from the reaction of m/z 453 ions with
thioglycerol that has a molecular weight of 108 Da.
Thioglycerol can be used as a bidentate ligand for iron
to form an octahedral complex after losing two protons.
Sulfur-containing ligands are soft ligands and can take
up six sp3d2 hybrid orbitals of iron (4s23d6) to form a
more labile octahedral coordination compound [19].
Apparently, the matrices used in FAB can induce chem-
ical reactions with some coordination compounds con-
taining labile ligands under the FAB conditions.
Dechlorination was observed in iron chloride- and
manganese chloride-containing salen complexes. FAB
mass spectra of the iron chloride-containing salen cata-
lyst (7) (MW 5 511) and the manganese chloride-
containing salen catalyst (8) (MW 5 584) are shown in
Figure 3a and b, respectively. The noisy appearance of
the spectrum in Figure 3a was ascribed to the low
solubility of (7) in the matrix. No molecular ions were
observed for salen complexes (7) and (8) in Figure 3a
and b, respectively.
The ions at m/z 423, 355, and 300 are characteristic
of the ligand for (7). Dechlorination from the protonated
molecular ion of catalyst (7) was indicated by the
formation of ions at m/z 477 in Figure 3a. Likewise, the
mass peaks at m/z 302, 391, and 495 are characteristic
of the ligand for (8), and dechlorination from the
molecular ion of catalyst (8) was indicated by the
formation of ions at m/z 550 in Figure 3b. Dechlorina-
tion is likely attributable to the low spin configuration
of the metal center according to the crystal field theory
[19]. In both the iron (III) and manganese (III)-low spin
complexes, the strongly antibonding b1g(dx2–y2) orbitals
remain empty, thus the metal centers behave as ion
pairs with the chloride. Dechlorination is therefore
expected upon fast atom bombardment of Fe (III) chlo-
ride-containing and Mn (III) chloride-containing salen
complexes. Dechlorination was reported for Mn (III)-
porphyrin complexes by FAB [20] and was postulated
to be attributable to the low-spin configuration of the
metal center.
Demetalation is illustrated in Figure 4a for a nickel-
containing catalyst (9) (MW 5 602). The formation of
ions at m/z 547 in Figure 4a is attributed to the removal
of nickel from (9), followed by protonations of the
Scheme 1
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ligand. When TFA was not used, however, the intact
protonated molecular ion at m/z 603 was observed as
shown in Figure 4b, at the expense of signal-to-noise
ratio in the mass spectrum. This proves that demetala-
tion of (9) through reduction by the electrons generated
by FAB alone is not likely. This view is further sup-
ported by the fact that there is no known accessible
oxidation state for nickel lower than Ni (II) [8] in
nickel-containing complexes. Nor is the demetalation of
(9) likely driven by the acid in solution only, as proto-
nation of an oxygen or nitrogen atom of the ligand will
likely increase the oxidation or charge state of the metal,
which will in turn bind more strongly to the rest of
ligands. This argument is further supported by the fact
that demetalation is not observed in the APCI mass
spectra of salen complexes when TFA is added in the
mobile phase, as mentioned in the experimental section.
Therefore, demetalation of (9) can only be achieved
Figure 3. (a) FAB mass spectrum of iron (III)-1,2-biphenyl-19,29-bis(29-pyridinylcarbonylimino)
ethane chloride (7). (b) FAB mass spectrum of manganese (III)-salen complex (8). Trifluoroacetic
acid/thioglycerol was used as matrix in both (a) and (b).
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through a combination of protonation on the ligand by
the acid and reduction of the metal center by the
electrons generated by FAB. Demetalation of divalent
metalloporphyrins has been studied extensively [18].
The excitation of the ligand to yield an electronically
excited state followed by electronic transfer to the metal
is proved to be the predominant pathway for the
demetalation. However, for Zn(II) and Mg(II), which do
not have an accessible 11 oxidation state, the demeta-
lation is governed by solution kinetics of acids. Accord-
ingly, the demetalation of (9) is probably driven by a
hybrid pathway of the two mechanisms described
above.
APCI Ionization
The APCI mass spectra of (2) (MW 5 671 Da) acquired
in both the positive ion and negative ion modes are
shown in Figure 5a and b, respectively. Note that
although the highest mass observed in the positive ion
mode at m/z 636 in Figure 5a corresponds to a loss of
a chloride ion from the molecule, a parent negative ion
at m/z 671 was observed in the negative ion mode in
Figure 5b. The electrons emitted by corona discharge in
the APCI LC/MS interface are thermalized under the
high pressure plasma conditions through collisions
with the gaseous mobile slvents [21–23]. The electron
affinity of manganese catalysts such as (2) is high
enough to form the molecular ion at m/z 671 through
a direct electron attacment. Ions at m/z 584 in Figure 5a
and at m/z 582 in Figure 5b are attributed to the
presence of the unreacted ligand as proven by thin layer
chromatography.
In most transition metal complexes, the metal-ligand
bonds are highly polar, and the anti-bonding molecular
orbitals are mainly metal d atomic orbitals with some
moderate to small contribution by the ligand orbitals
[24]. According to the Angular Overlap Model [24, 25],
the electronic configuration of Mn (III) in (2) is probably
a mixed high spin and low spin with a preference for a
low spin configuration. The tetradentate ligand is a
strong s-donor (es large), yet the chloride ion is a weak
s-donor (weak base) [24]. In the low spin configuration,
two of the three lowest d-orbitals are singly occupied
and the strongly antibonding a1g(dz2) and b1g(dx2–y2)
remain empty. In the high spin configuration, the four
lowest d orbitals are singly occupied and the strongly
antibonding b1g remains empty. As a result, the Mn (III)
complex (2) probably has a distorted square planar
pyramid geometry. Thus, the Mn (III) and Cl2 are
behaving as ion pairs [20], and dechlorination from the
molecular ion is a favorable pathway in the positive ion
mode. It is also possible that the formation of [M–Cl]1
at m/z 636 in Figure 5a could be ascribed to the
protonation on the chlorine atom of the ligand in (2),
followed by a loss of HCl.
Because the negative molecular ion was observed on
the time scale of quadrupole mass spectrometry, its
lifetime for autodetachment must be .1026 s [26].
According to previous studies [22, 27–29], benzene
derivatives with highly electron withdrawing substitu-
ents and organic molecules containing the groups
2COCO2, 2COCH(OH)2, 2COOH, and 5CHCHO
capture thermal electrons and form long-lived parent
negative ions. Accordingly, the ligand in (2) should be
capable of forming long-lived parent negative ions
through highly delocalized p orbitals [26]. The parent
negative ion is further stabilized through frequent col-
lisions with gaseous mobile phase solvents under APCI
conditions. The observation of the deprotonated nega-
tive ion of the ligand at m/z 582 in Figure 5b illustrates
the high electron affinity of the ligand. Therefore, it is
reasonably postulated that the formation of parent
negative ion of (2) is driven by thermal electron
capture by the ligand, followed by its electronic
coupling with the atomic orbitals of Mn such that the
electronic configuration of Mn (III)-complex changes
from a mixed high spin and low spin configuration to
a low spin configuration. This thereby decreases the
antibonding character of the Mn–Cl bond. This is in
agreement with structural preference energy calcula-
tions [24]. In effect, the Mn (III) has become Mn (II)
after the thermal electron capture, thereby increasing
the covalent bonding character between Mn (II) and
Cl.
Positive ion and negative ion APCI mass spectra for
(3) with R1 5 t2Bu; R2 5 C(Ph)3; R3 5 R4 5 R7 5 H;
and R5 5 R6 5 C6H5 [M.W. 5 807 daltons] are shown
in Figure 6a and b, respectively. The protonated molec-
ular ion at m/z 808 in the positive ion mode (Figure 6a)
is not abundant. Instead, a more intense fragment ion at
m/z 772 was formed due to a loss of the chloride ion
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from the molecular ion. In contrast, an intact parent
negative ion was observed in the negative ion mode at
m/z 807 (see the insert in Figure 6b). The fragment ions at
m/z 508 in Figure 6a and at m/z 507 in Figure 6b are
presumably formed by the cleavage between the C–C
bond connecting the picolinamide and salicylidene ligands.
When additional substituents are attached to the
picolinamide ring of the tetradentate manganese (III)
Figure 4. (a) FAB mass spectrum of Ni (II)-salen complex (9) when trifluoroacetic acid/thioglycerol was
used as matrix. (b) FAB mass spectrum of the same complex when trifluoroacetic acid was not added.
1004 HUANG ET AL. J Am Soc Mass Spectrom 1997, 8, 996–1009
complex, more fragments and fewer parent negative
ions were formed. Figure 7 shows a negative ion APCI
mass spectrum for a Mn (III)-salen complex similar to
that used in Figure 6 except there are two chloro
substituents attached to the pyridine ring at the meta
positions (nominal MW 5 875 Da). Apparently, the
electronic effect of the chlorines has decreased the
stability of the parent negative ion at m/z 875. The
electron-withdrawing property of the chlorines has
probably decreased the s-donor ability of the pyridine
ring, resulting in a shift toward high spin configuration
of Mn (III), that in turn increases the antibonding
character of the parent negative ion. Note that a reso-
nance effect due to p-orbital electrons of the chlorines
Figure 5. The APCI mass spectrum of (2) in the postive ion mode (a) and in the negative ion mode (b).
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on the pyridine ring is less likely because these chlo-
rines are meta to the N atom of the pyridine ring. When
a t-butyl group was added at the para-position of the
pyridine ring (MW 5 863 Da) as shown in Figure 8, the
stability of the parent negative ion at m/z 863 is similar
to that in Figure 7, though the negative APCI mass
spectrum in Figure 8 is complicated somewhat by the
presence of the protonated ligand at m/z 774. On the
other hand, when the t-butyl group was added to the
pyridine ring at the meta position (MW 5 863 Da to
introduce a steric hindrance effect, the stability of the
parent negative ion is decreased markedly as shown in
Figure 9. A severe steric hindrance effect is observed in
Figure 10, when a tetradentate maganese (III) complex
Figure 6. The APCI mass spectrum of (3) with R1 5 t-Bu; R2 5 C(Ph)3; R3 5 H; and R5 5 R6 5 C6H5
in the positive ion mode (a) and in the negative ion mode (b). The insert in Figure 6b shows an
expanded molecular ion region.
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(4) with R1 5 R3 5 C(Ph)3; R2 5 R4 5 t2Bu; and R5 5
R6 5 C6H5 (MW 5 1102 Da) was analyzed by the
negative ion APCI. The intensity of the parent negative
ion at m/z 1102 in Figure 10 is almost the same as its
ligand at m/z 1016. The steric hindrance decreases the
overlap integral between the metal center and the
ligands. Consequently, the electronic configuration of
the metal center will favor the high spin configuration
that will in turn increase the antibonding between the
metal center and the ligands. From these results, it can
be concluded that the steric hindrance is a more impor-
tant factor than the electronic effect in determining the
Figure 7. The negative ion APCI mass spectrum of (3) with R1 5 t 2 Bu; R2 5 C(Ph)3; R3 5 R4 5
Cl; and R5 5 R6 5 C6H5.
Figure 8. The negative ion APCI mass spectrum of (3) with R1 5 R7 5 t 2 Bu; R2 5 C(Ph)3; R3 5
R4 5 H; and R5 5 R6 5 C6H5.
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stability of the parent negative ion of the tetradenate
manganese (III) complexes. This steric effect is qualita-
tively parallel to the % ee (enantiomer excess) observed
for these complexes [6]. Since the vaporizer and capil-
lary temperatures were kept unchanged at all times in
this work, the decreased stability of molecular ions for
steric Mn-salen complexes is probably correlated with
their increased thermal lability.
Negative ion APCI is a much softer ionization tech-
nique than negative ion CI and negative ion DCI (desorp-
tion chemical ionization) [30], as both of the latter tech-
niques failed to produce the molecular ions for these
Figure 9. The negative ion APCI mass spectrum of (3) with R1 5 R3 5 t 2 Bu; R2 5 C(Ph)3; R4 5
R7 5 H; and R5 5 R6 5 C6H5.
Figure 10. The negative ion APCI mass spectrum of (4) with R1 5 R3 5 C(Ph)3; R2 5 R4 5 t 2 Bu;
R5 5 R6 5 C6H5.
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complexes [7, 11] in which samples were perhaps decom-
posed in the ion source. Although ESI is capable of
generating the same quality of mass spectra as APCI for
smaller tetradentate manganese (III) complexes, ESI mass
spectra of higher molecular weight catalysts often contain
cluster ions well beyond the molecular ion of the catalyst
[7, 11], which sometimes makes the identification of the
molecular ions for these catalysts difficult.
Summary
Using TFA to help dissolve the salen complexes, fol-
lowed by a subsequent addition of two to three drops of
thioglycerol or “magic bullet” as a supporting matrix,
gave meaningful FABMS results. The use of TFA with
other matrixes such as triethanolamine, 2-nitrobenzyl
alcohol (NBA), and 2-nitrophenyloctyl ether (NPOE)
results in very poor FAB mass spectra. However, as
with many other compounds analyzed by FAB mass
spectrometry, matrix or FAB beam-induced reactions
[9, 31–34] such as reduction, dechlorination, and
demetalation, also occurred for some of these catalysts.
When salen-based complexes are relatively soluble
in the LC solvents, the APCI LC/MS operated in the
negative ion mode produces the molecular ion and
structural information for the intact catalyst molecules.
The analysis of these catalysts is fast and does not
require the employment of nonvolatile matrices as in
the fast atom bombardment mass spectrometry.
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